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Why monitor permafrost lakes?

Why monitor permafrost?

● Permafrost is an indicator of climate change

● Thawing permafrost is a carbon source

● Transport in Arctic and sub-Arctic areas (roads, railways, pipelines) is 
affected by permafrost degradation

● Thawing of permafrost in alpine areas raises the risks of geohazards



Permafrost ground thermal regime 
changes due to:

• Changes in air temperature and/or 

• Surface disturbances 

- Precipitation

– Clearing of vegetation

– Removal of insulating organic layer

– Forest fires

– River channel migration

– Shoreline erosion  

Response of Permafrost to 
climate change depends on 
variations in local seasonal 
factors:

• Snow cover

• Vegetation

• Surficial material

• Moisture content

• Drainage



Cannot directly see below the soil surface, but 
need to monitor indicators:

● Land-surface hydrology

● Terrain changes

● Vegetation

Permafrost & Remote Sensing



Land-surface hydrology
▪Surface soil moisture (SSM)
–soil moisture influences heat transfer
–Indicative for drainage conditions

▪Lakes (water bodies - WB)
–Indicative for thermokarst processes, 
permafrost degradation

▪State transition 
(freeze/thaw timing – FT; surface 
state flag  - SSF)
–Complements land surface temperature
–Can serve as masking input for SSM



• Related Work: 
Smith et al. 2005 
in Science



• Related Work: 
Smith et al. 2005 
in Science

Karlsson et al. 2012 
in Journal of 
Hydrology



• Research: Monitor extent and dynamics of spring floods

• Motivation: Inter-annual changes in water body extent remain 
inconspicuous. 

“Spring flood can start and end at different dates and its duration may vary significantly 
from one year to another, and thus some of the interannual variability of snowmelt is 
hidden when monthly or annual averages are used.” Zakharova et al. (2011)



Regional lake monitoring

▪Medium scale monitoring is 
possible by use of SAR (radar) 
data. 

▪Fairly good coverage: 
ENVISAT ASAR Wide Swath:
–120 m resolution
–Open water surfaces detectable

▪Annual maps of open water/ 
water fraction (summer stage – 
July-August) since 2007 + 
number of acquisitions



Regional water bodies
▪ Seasonal dynamics for Northern Eurasia will become 

available from ESA STSE ALANIS
▪ www.alanis-methane.info
▪ Specification

– 10 day steps with update flag
– 2007 and 2008
– Coverage: parts of northern Eurasia



‘Local’ wetlands product



Surface Water Dynamics Algorithm 
(SWDA) developed to highlight and 
quantify spring flood and retreat
(Trofaier et al. 2013).



Surface Water Dynamics Algorithm 
(SWDA) developed to highlight and 
quantify spring flood and retreat
(Trofaier et al. 2013).

So we can monitor frequently, but how much 
information is lost using low spatial resolution 
data? 



Yamal Peninsula

Why Russia?
>60% is underlain by permafrost

Why Yamal?
Identified to be one of the areas of high susceptibility both 
to climate-induced changes and human activities 



Active Microwave Data:

Ideally suited for monitoring surface hydrology.
-Active: Independent of solar illumination
-Cloud penetration

Straightforward water body 
classification method:



Thresholding:

Classification of water bodies through thresholding.
Bartsch et al. 2008:



Lakes from ENVISAT ASAR WS - Known problems (i)

▪C-Band – sensitivity to 
weather in case of this 
specific application

▪Number of 
acquisitions – all 
available data 
independent from 
weather condition!

▪Up to 60% of data 
affected  

▪Investigated within 
ESA STSE ALANIS 
Methane
 

Bartsch et al. 2012



Lakes from ENVISAT ASAR WS - Known problems (ii)

Radar – sensitivity 
(in particular C-Band) 
to vegetation results 
in double bounce 
rather than specular 
reflection.

 

Trofaier et al. 2013

?



Assessment of wavelength impact and lake size
a)

L-band (HV, 16 m) versus 
C-band (VV, 75 m 
nominal resolution)

PALSAR - ASAR [%}

PALSAR
vs.

ASAR WS

Comparison of ALOS PALSAR and ASAR 
WS open water extent by lake size



Assessment of wavelength impact and lake size

b)

X-band (HH, 5m) 
versus C-band (VV, 
75 m nominal 
resolution)

TerraSAR-X - ASAR [%]

TerraSAR-X
vs.

ASAR WS

Comparison of TerraSAR-X and ASAR WS open water 
extent by lake size



Assessment of wavelength impact and lake size

b)

X-band (HH, 5m) 
versus C-band (VV, 
75 m nominal 
resolution)

TerraSAR-X - ASAR [%]

TerraSAR-X
vs.

ASAR WS

PALSAR - ASAR 
[%]

Conclusion: lake size does not matter

a)

L-band (HV, 16 m) versus 
C-band (VV, 75 m 
nominal resolution)

PALSAR
vs.

ASAR WS

Comparison of TerraSAR-X and ASAR WS open water 
extent by lake size

Comparison of ALOS PALSAR and ASAR WS open water 
extent by lake size



Assessment of coarse and fine resolution data sets:

© DLR 2013 



b)

X-band (HH, 5m) 
versus C-band (VV, 
75 m nominal 
resolution)

TerraSAR-X
vs.

ASAR WS

Assessment of coarse and fine resolution data sets:

© DLR 2013 

Parameter ASAR WS TerraSAR-X

Limnicity [%] 11.95 20.03

Total area of surface water [sq km] 161.15 251.88

Maximum WB size [sq km] 6.63 8.31

Mean WB size [sq km] 0.99 0.29

Number of WB 1471 7384



TerraSAR-X
vs.

PALSAR

Assessment of coarse and fine resolution data sets:

© DLR 2013 

Parameter TerraSAR-X PALSAR

Limnicity [%] 15.5 16.6

Total area of surface 
water [sq km]

231.26 243.82

Maximum WB size [sq 
km]

8.3 8.3

Mean WB size [sq km] 0.01 0.04

Number of WB 21108 6872

© DLR 2013 



TerraSAR-X
vs.

PALSAR

Assessment of coarse and fine resolution data sets:
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Parameter TerraSAR-X PALSAR

Limnicity [%] 15.5 16.6

Total area of surface 
water [sq km]

231.26 243.82

Maximum WB size [sq 
km]

8.3 8.3

Mean WB size [sq km] 0.01 0.04

Number of WB 21108 6872

© DLR 2013 



Assessment of coarse and fine resolution data sets:

Parameter TerraSAR-X TerraSAR-X

Limnicity [%] 15.5 20.03

Total area of surface water [sq km] 231.26 251.88

Maximum WB size [sq km] 8.3 8.31

Mean WB size [sq km] 0.01 0.29

Number of WB 21108 7384

TU are looking 
at smaller area 
to compare to 
PALSAR



Blue: mine (additional post-
classification steps incl. 
Speckle filter)

Red: Barbara in Vienna

Subtle differences due 
to threshold values.



Parameter TerraSAR-X PALSAR

Limnicity [%] 15.5 16.6

Total area of surface water [sq km] 231.26 243.82

Maximum WB size [sq km] 8.3 8.3

Mean WB size [sq km] 0.01 0.04

Number of WB 21108 6872

How come TerraSAR-X captures less surface water than 
PALSAR?

TerraSAR-X: X-band (HH, 5m spatial resolution)
ALOS PALSAR: L-band (HV, 16 m spatial resolution)  



Parameter TerraSAR-X PALSAR

Limnicity [%] 15.5 16.6

Total area of surface water [sq km] 231.26 243.82

Maximum WB size [sq km] 8.3 8.3

Mean WB size [sq km] 0.01 0.04

Number of WB 21108 6872

How come TerraSAR-X captures less surface water than 
PALSAR?

TerraSAR-X: X-band (HH, 5m spatial resolution)
ALOS PALSAR: L-band (HV, 16 m spatial resolution)  

Vegetation!



Conclusions

Lake monitoring is possible at low spatial resolution AND is needed 
to monitor seasonal lake and wetland dynamics – example Yamal 
peninsula:

Bartsch et al., 2012
Trofaier et al. 2013

HOWEVER, need to be careful when classifying lakes due to 
emergent vegetation over the growing season.


